Motivated by the theoretical results on strategic asset allocation, we examine the gains in portfolio performance when investors diversify into different asset classes, with particular focus on the timeliness of such gains. Although the various asset classes we analyze yield significant gains in portfolio performance, even in the presence of short sales constraints, the timeliness of the gains differs considerably across the asset classes. Our key result is that commodities and precious metals, and equity REITs are the two asset classes that deliver portfolio gains when consumption growth is low and/or volatile, i.e., when investors really care for such benefits. Consistent with these results, our examination of investor portfolio allocations using a regime switching framework reveals that during the 'bad' economic state, the mean-variance optimal risky portfolio is tilted towards equity REITs, precious metals, and Treasury bonds. Our analysis highlights an important metric by which to judge the attractiveness of an asset class in a portfolio context, namely the timeliness of the gains in portfolio performance.
Portfolio Performance and Strategic Asset Allocation Across Different Economic Conditions 1.0 Introduction
The seminal idea that investors should hold mean-variance efficient portfolios has played an important role in optimal portfolio choice decisions because it emphasized the ability of diversification to reduce risk. However, in a multi-period setting (as opposed to the static single-period setting) the portfolio choice problem can be very different. Indeed, it has long been recognized from the work of Merton (1971 Merton ( , 1973 ) that shifting investment opportunities can have important effects on the optimal portfolio choices of investors with long horizons. There is now also considerable evidence that security returns, once thought to be independent over time, are in fact predictable (see, e.g., Cochrane (1999) ).
The evidence that investment opportunities are in fact time varying suggests that investors may seek to hedge their exposure to consumption shocks or hold assets that do not perform poorly during financial distress (see, e.g., Campbell and Viceira (1999) and Campbell, Chan and Viceira (2003)).
Moreover, such investors may be willing to accept a portfolio with a somewhat lower average return or higher variance provided the portfolio provides a hedge against economic downturns (Cochrane (1999) ).
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Both the theoretical insights and the empirical facts immediately raise three questions concerning optimal portfolio allocation decisions. First, can the performance of an investor's portfolio that is invested in traditional assets such as domestic stocks and bonds be improved by the inclusion of additional assets?
Second, which of the many asset classes that improve portfolio performance should be included in the optimal portfolio allocation? Furthermore, which metric or criterion should be used to judge the relative attractiveness of different asset classes for inclusion in the optimal portfolio set for investors with different expectations? This latter issue is fundamental to this analysis in light of evidence that investors care about additional sources of risks beyond co-movement with the market portfolio, and therefore will seek to hedge their exposures against financial distress.
The first question is related to asset spanning and has recently received considerable attention, particularly in an international context. In comparison, the second and the third questions, particularly as they relate to whether the optimal portfolio of assets will perform well when investors need it the most (i.e. in times of economic downturns), is only now attracting attention. The purpose of this paper is to help remedy the situation by empirically evaluating the extent to which different asset classes improve portfolio performance. More specifically, we are interested in knowing the timing of the improvements in performance (i.e. whether they occur during economic downturns, when they are presumably needed the most) and how the timing of the improvements influences optimal portfolio decisions.
We implement an empirical methodology that accommodates the time varying risk-reward and hedging properties of different asset classes in an environment where expected returns and volatilities vary with economic regimes. Our empirical methodology combines the asset spanning literature with the literature on optimal portfolio holdings. In this context, we evaluate improvement in portfolio performance using three separate techniques. First, we compute the shifts in the Hansen-Jagannathan (1991) volatility bounds (or equivalently changes in Sharpe ratios), and measure the reduction in the standard deviation of minimum variance portfolios, when an asset class is added to a base portfolio.
Second, we regress the changes in volatility bounds or Sharpe ratios on measures of economic state or financial distress to determine which assets perform when most needed. Third, we use a regime switching framework to examine the portfolio allocation implications of the differences in the portfolio properties of several asset classes.
Our empirical analysis delivers a number of interesting results that are relevant from the standpoint of asset allocation advice to investors. Specifically, our contributions to the literature consist of the following. First, we use both unconditional and conditional spanning tests to examine whether or not investors can improve the performance of their portfolio of assets by including additional assets. We employ the Hansen-Jagannathan (1991) , hereinafter H-J, volatility bound methodology to infer the greatest lower bound on the volatility of an unobserved stochastic discount factor implied by a set of benchmark asset returns. We measure the shift in the H-J bounds induced by the addition of the test assets under consideration to a series of benchmark portfolios. The duality between the mean-variance frontier of the discount factors and asset returns, enables us to approximate the change in the portfolio Sharpe ratio with the shift in the volatility bounds for a given test asset. We find that there are real economic benefits when investors extend their portfolio of assets by including corporate bonds, small cap stocks, commodities and precious metals, international stocks, and equity REITs that are not realized by holding a sequentially augmented portfolio that initially consisted of large and medium cap stocks, and Treasury bonds. In this context, we note that the benefits from different assets are particularly pronounced when conditioning information, reflected in four business cycle related variables, is utilized. The benefits are lower when conditioning information is ignored, but they are not eliminated. Moreover, the shift in the H-J volatility bound or equivalently the improvement in the Sharpe ratio is greatest when a base portfolio is augmented by adding commodities and precious metals. Interestingly, while improvements in the Sharpe ratios occur even in the presence of short sales restrictions, there are economic costs to these restrictions. In all cases, the changes in the Sharpe ratios are unambiguously lower when short sales constraints are imposed, but they not disappear unlike the results in De Roon et al (2001) .
Second, while the shift in the volatility bounds (or Sharpe ratios) provides a measure of the economic benefits of diversification afforded by a test asset (see, e.g., Bekart and Urias (1996) and De Roon et al. (2001) ), from a pure diversification point of view this measure is contaminated by the impact of expected asset returns. We isolate the pure diversification effects (in terms of variance reduction) by conducting minimum variance portfolio tests. Although not identical, our minimum variance analysis is in the spirit of Green and Hollifield (1992) , who study the question of when mean-variance efficiency coincides with well diversified portfolios. Our contribution here is in showing that asset classes that improve portfolio Sharpe ratios, also provide portfolio variance reduction benefits. In particular, we find that the addition of commodities and precious metals to a base portfolio consisting of government bonds, large and medium cap stocks, corporate bonds and small cap stocks yields the largest reduction in the global minimum variance portfolio's annualized standard deviation, on the order of magnitude of 3.47%.
Third, to investigate the key issue of whether the improvements in portfolio performance occur when most needed, we regress the change in the volatility bounds (Sharpe ratios) on the mean and standard deviation of the per capita consumption growth rate in the economy. We find dramatic differences in the timing of the improvements in portfolio performance yielded by different asset classes, suggesting different relative abilities of asset classes to provide a kind of insurance against adverse shocks to consumption growth opportunities.
2 Of the various assets tested, commodities and precious metals, and equity REITs (a proxy for real estate) are the two asset classes that possess desirable properties in terms of the timing of their respective economic benefits. For both of these asset classes the changes in the volatility bounds (Sharpe ratios) are positively correlated with the standard deviation of consumption growth. Additionally, in the case of commodities and precious metals, the improvements in the rewardrisk ratios are negatively correlated with mean consumption growth. The results suggest that these two assets provide insurance against deterioration in consumption opportunities.
In contrast, similar analysis of the timing of portfolio improvements suggests that, the performance of corporate bonds and international stocks is more pronounced in favorable states of the world; that is precisely when consumption opportunities are good. In the case of small cap stocks, the relationship between portfolio performance improvements and the moments of consumption growth is insignificant. This asset class would seem a logical candidate for the portfolio of an investor who is not exposed to the consumption growth risk. Furthermore, our findings in regards to the timeliness, or rather the lack thereof, of portfolio improvements from international stocks, suggests a possible rationale for the home bias in investor portfolios that has been documented in the literature.
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By linking portfolio allocation decisions to first and second moments of consumption growth, we provide empirical support for an important implication of the theory of inter-temporal portfolio choice and contribute to the growing literature that provides advice to investors about portfolio strategies. In this 2 We also experimented with the growth rate of industrial production as an alternative measure of the state of the economy. The results are qualitatively similar. 3 French and Poterba (1991) document that U.S. equity investors allocate nearly 94 percent of their portfolios to domestic securities even though the U.S. equity market represents less than 48 percent of the global equity market.
context, our results help explain why it may be rational for investors to have portfolios that are tilted towards certain risky assets, possibly at the expense of other assets, a point stressed by Cochrane (1999).
To our knowledge this is the first empirical study of the link between the timing of diversification gains from disparate asset classes and the two moments of aggregate consumption growth rate. Our analysis highlights an important metric by which to judge the value of improvement in portfolio performance afforded by a candidate asset class, namely, the timeliness of the gains.
Finally, a natural question arises in view of our results regarding differences in the timing of the improvements in portfolio performance provided by different asset classes: "What are the portfolio allocation implications of these differences for an investor who is sensitive to potential deterioration in the economy?" To address this issue, we examine how these differences manifest themselves in the optimal portfolio choices of a mean-variance optimizing investor over the business cycle. 4 We use the regime switching framework of Hamilton (1989) to obtain parameter estimates for two economic states labeled the "good" state and the "bad" state. We find that the implied optimal mean-variance tangency portfolio during the good state of the economy is heavily weighted in domestic stocks (56%), and also includes international stocks (21%), corporate bonds (19%), and equity REITs (4%). Conversely, the optimal tangency portfolio during the bad state is weighted heavily in government bonds (42%), equity REITs (38%), and precious metals (20%). These results further highlight the important differences in the timeliness in portfolio performance improvements offered by different asset classes.
The remainder of this paper is organized along the following lines. Section 2 reviews the H-J volatility bound framework incorporating conditioning information and short sales constraints. Section 3 describes the data used in the study. Section 4 presents the results from estimating portfolio gains from different asset classes as well as the timeliness of the gains. Section 5 discusses the implications of our findings for asset allocation strategies. Section 6 provides an interpretation of the results while Section 7 concludes.
The Hansen-Jagannathan Volatility Bound with Short Sales Constraints
For clarity in the derivation of the H-J volatility bound, we focus on the first order condition yielded by agents' inter-temporal optimization that asset returns have to satisfy:
The variable m t+1 is an unobserved stochastic discount factor, r t+1 represents a matrix of n (gross) asset returns, 1 is an nx1 vector of ones and Ω t is the time t information set of the agents. Following He and Modest (1995) , we incorporate the short-sales constraint in our subsequent empirical analyses.
Specifically, when short sales are ruled out, asset returns satisfy a modified version of Equation (1) 
where is the unconditional covariance matrix of asset returns. Using equations (2) and (4), and the standard expression for the least squares projection coefficient, Σ β , gives us the following bound:
The quantity on the right hand side of (5) is the greatest lower bound on the standard deviation of the stochastic discount factor in the presence of short-sales constraints. For a given value of , the lower bound is found by choosing ( ) m E λ in order to minimize the quantity on the right hand side of inequality (5). 4 Mean-variance portfolios are generally not utility maximizing when there are shifts in the economic state, unless the agent has log utility. Thus our use of mean variance solutions is simply a metric designed to illustrate how the diversification benefits from different asset classes vary with the state of the economy 5 We omit the time subscripts for the sake of notational simplicity.
The minimization is conducted subject to the restriction: 1 ≤ λ . From Equation (3), also note that
There is also a well-known economic interpretation for the lower bound expressed in (5). To see this, note that Equation (1) and Equation (2) (1995) for an extended discussion). In our empirical analysis we specify
to be the mean of the inverse of the (gross) real monthly return on the one-month US T-bill. Since this value is close to one, we can interpret the lower bound in (5) as approximately equal to the Sharpe ratio of the mean-variance optimal portfolio.
Conditional Volatility Bound
Let z t be a k-dimensional vector of conditioning variables in the investor's information set at time . The conditional lower bound on the volatility of the stochastic discount factor can now be computed using the scaled asset returns and following the method described in the previous sub-section. 6 In essence, scaling a return by the realization of a random conditioning variable amounts to changing the investment in an asset based on the value of the conditioning variable, as in a dynamic trading strategy. In this paper, we focus on the conditional volatility bounds.
Measuring Improvement in Portfolio Performance Induced by Different Asset Classes
As discussed earlier, the first task in our analysis is to measure the improvement in portfolio performance induced by the sequential addition of the test assets (corporate bonds, small cap stocks, commodities and precious metals, international stocks, and equity REITs) to a series of diversified benchmark portfolios. The improvement in portfolio performance from the addition of a test asset to a benchmark portfolio may be measured by the resulting increase (if any) in the reward-to-risk tradeoff of the portfolio after the addition of the test asset. There is a well-known correspondence between the bounds for the stochastic discount factor and the mean-standard deviation frontier generated by the given set of asset returns (see, e.g., Hansen and Jagannathan (1991 ), Ferson (1995 ), and De Santis (1995 ).
Hence, the framework discussed above allows us to make an inference about the likely improvements in portfolio performance from the various asset classes. Specifically, we measure the shift(s) in the conditional bound, discussed above, that is induced by the addition of (scaled) returns on a series of test assets, over successive 60-month sub-periods. Thus we are able to compute the time series of portfolio performance gains offered by a particular test asset. We also conduct a formal statistical test of the null hypothesis that the addition of a subset of returns (on some test assets) to the benchmark set of returns, does not lead to an increase in the bound over the entire sample period. This corresponds to a test of mean-variance spanning as suggested by De Santis (1995) . We describe the test in brief below. 
, where
The test involves estimating the following system of orthogonality conditions using two pre-specified values (c1 and c2) for c: represent the vector of sample moments corresponding to the system in (6). Consider the statistic
where T is the sample size, and W T is an optimally chosen weighting matrix. Under the null hypothesis, in the absence of short sales restrictions (i.e., when 1 = λ ), the above statistic has an asymptotic distribution with 2n 2 χ B degrees of freedom. In the case where scaled asset returns are utilized, the relevant degrees of freedom for the statistic is equal to (2n B ).k where k is the number of conditioning variables utilized. This allows for a formal test of the mean-variance spanning hypothesis to be carried out.
In our context, given the short sales constraint, we have the inequality restriction 1 ≤ λ . In this case the test statistic is asymptotically distributed as a mixture of distributions. Accordingly, we assess the significance of the estimated statistic for each test asset considered by us using a simulation procedure that we briefly describe here. Consistent with the null hypothesis of mean-variance spanning, we generate simulated returns on the test assets as linear functions of the benchmark returns plus a meanzero error term (see, e.g., Huberman and Kandel (1987) , and Bekaert and Urias (1996)). The error terms are drawn with replacement from the empirical distribution of the time series of residuals based on the estimated linear model for each test asset, and are mean-centered. In order to account for potential serial correlation in the data, we adopt a block-sampling scheme based on the stationary bootstrap (Politis and Romano (1994) ) with a mean block length of 60. We generate 1000 simulated samples of length 360 (our sample size) for each test asset considered. We count the number of times in 1000 replications that the computed test statistic exceeds the test statistic obtained in the original data for a particular test asset. The significance of the test of asset spanning is based on these empirical p-values. In constructing the conditional HJ bounds we use conditioning information reflected in four business cycle related variables: DivYld t is the ratio of dividends paid during the four quarters ending at month t to the price at the end of month t on the CRSP value weighted portfolio; Defsprd t is the yield spread at the end of month t between Moody's Baa rated corporate bonds and Aaa rated corporate bonds of similar maturity; and Termsprd t is yield spread at the end of month t between a 10-year Treasury bond and a 3-month T-bill. Data for the two spread variables (i.e., the default spread and the term spread) are obtained from the Federal Reserve Board. The T-bill yield, TBYld t , is the one-month T-bill yield minus its 12-month backward moving average. This stochastic de-trending method for the short rate has been used by Campbell (1991) and Hodrick (1992) , among others. Monthly T-bill yields are obtained from the CRSP files. We use data on monthly, real per capita consumption (of non-durable goods and services) to measure the first and second moments of aggregate consumption growth. The consumption data are also obtained from the Federal Reserve Board. per month for the small cap stocks. The return on equity REITs averaged 0.66% per month during this period. For the same period, the international stock portfolio return averaged 0.60% per month. The average monthly return on the CRB commodity index was -0.18% per month and that on the precious metals index was 0.32% per month.
Panel B of Table 1 reports return autocorrelations up to five lags. Return autocorrelations for most asset classes are low and appear to decay at longer lags suggesting the expected returns are slowly mean reverting. The first order autocorrelation for the one-month T-bill returns is large (0.91) suggesting that T-bill returns are quite persistent. Similarly, the four conditioning variables, namely, the lagged dividend yield, the detrended T-bill yield, the default premium, and the term premium, are highly persistent. In this context, Ferson, Sarkissian and Simin (2003) recommend stochastic de-trending of such variables when using them in predictive stock return regressions to guard against the possibility of uncovering spurious predictive relations.
Empirical Evidence
As discussed in Section 1, the first stage of our empirical analysis consists of a sequence of tasks. First, we use the H-J framework outlined in Section 2 to test whether a series of benchmark portfolios spans a series of test assets (corporate bonds, small cap stocks, commodities and precious metals, international stocks and equity REITs). In conducting this test we rule out short sales. We next examine the variance reduction properties of the various asset classes. We then evaluate which of the test assets deliver improvements in portfolio performance when most needed.
Conditional Spanning Results
In this subsection, we examine whether adding different assets to a series of benchmark portfolios leads to a significant shift in the mean-variance frontier when investors incorporate conditioning information but are not permitted to engage in short selling. Short sales constraints are particularly relevant in our case since our test assets include international stocks and real estate. Moreover, short selling can be expensive and investors may face legal and institutional constraints that prevent them from taking short positions. For each asset class, we compute the change in the volatility bound using data on asset returns for a rolling 60-month period that ends with the current month. For example, for the 60-month period that ends in January 2001, we use data from February 1996 to January 2001 to compute the volatility bounds.
Our choice of benchmark and test assets is motivated by several factors. The initial base portfolio
consists of large and medium cap stocks and Treasury bonds, and is designed to mimic the portfolio of a conservatively diversified domestic investor. We then allow our hypothetical investor to augment successive portfolios by sequentially adding corporate bonds, small cap stocks, commodities and precious metals, international equities, and equity REITs, in that order. The inclusion of equity REITs helps us explore the conventional notion that equity REITs are similar to small cap stocks and also contain bondlike features. If the returns to equity REITs indeed contain only small cap and corporate bond risk factors, our tests should not find significant improvement in portfolio performance, when equity REITs are added to a portfolio that already includes corporate bonds and small cap stocks. A final consideration in the design of the benchmark portfolios is the benefits from international diversification that have been documented by previous studies. In light of the fact that international financial markets have become increasingly more integrated, it would be interesting if the findings of previous studies can be replicated in the context of our tests, which consist of many disparate domestic assets. Consequently, we include international stocks as one of the five test assets. Table 2 reports the results for the change in the H-J bound induced by the addition of test assets to the successive benchmark portfolios. The addition of each test asset expands the benchmark portfolio by one asset class making it more diversified than the immediate predecessor benchmark portfolio. The test assets are indicated at the top of each column. For all test assets the rows report the average shift in the H-J bound. The average figure reported for a given year represents the average shift in the H-J bound for the twelve 60-month sub-periods that end during that year. In each case, the reported shift in the H-J bound may be interpreted as the increase in the approximate conditional Sharpe ratio (i.e., the reward-torisk tradeoff for the conditional mean-variance frontier) due to the addition of the test assets to the benchmark portfolios. Thus, the change in the volatility bounds measures the economic importance of the shift in the portfolio frontier.
The second to the last row of Based on the time series pattern of the shifts in volatility bounds the improvement in portfolio performance induced by each of the asset classes appear to be time varying. As shown in Table 2 , the gains from diversifying into commodities and precious metals are particularly pronounced over the study period. For example, during the 1970s, the performance gains from commodities and precious metals group were large and variable, followed by declining gains in the late 1980s. These gains again increase in the early 1990s before gradually declining during the latter part of the decade. There is also considerable oscillation in portfolio performance gains from exposure to equity REITs throughout the study period, with a pronounced plateau during the early part of the 1980s.
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The improvements in the conditional H-J bounds or Sharpe ratios are partly a function of the expected returns of the test assets. In order to isolate the pure diversification properties of the test assets, we further examine the impact that the inclusion of these assets has on the volatility of the respective global minimum variance portfolios. Table 3 presents the annualized standard deviation estimates for the global minimum variance portfolios constructed from various assets for different sub-periods between 1972 and 2001. We constrain portfolio weights to be non-negative when solving for the composition of the minimum variance portfolios. As can be seen from Table 3 , across all sub-periods as well as over the entire sample period, the inclusion of commodities and precious metals leads by far to the largest reduction in the standard deviation of the minimum variance portfolios. For example, over the entire period 1972-2001, the addition of commodities and precious metals reduces the minimum variance portfolio's standard deviation by 3.47% (representing a proportional reduction of over 38%). In contrast, the volatility reductions achieved by the addition of other assets are much smaller. These results are thus consistent with our previous results showing that commodities and precious metals account for the largest shifts in H-J bounds or Sharpe ratio improvements.
Robustness Tests
In this subsection, we conduct a number of robustness tests. We begin by examining how sensitive our results are to the order in which the test assets are added to the original base portfolio. For example, it is reasonable to ask whether the large gains from the inclusion of commodities and precious metals persist when the ordering of the test assets is changed. We find that our results remain qualitatively unchanged when the order of addition of the test assets is altered. For example, commodities and precious metals continue to provide the highest benefit (average approximate Sharpe ratio gain of 0.68) when we start by adding small cap stocks followed by corporate bonds, international stocks, REITs, and commodities and precious metals, in that order. The gains from small cap stocks and corporate bonds are nearly identical to the original results while both international stocks and equity REITs offer higher gains under this alternative ordering scheme. 8 The qualitative nature of our results is also unchanged when we use the S&P/BARRA value and growth stock portfolios, instead of the size-based stock portfolios, to represent the domestic equities asset class. For this case, the initial base portfolio includes government bonds, and the S&P/BARRA value portfolio. We use the S&P/BARRA growth portfolio as one of the test assets. We find that commodities and precious metals continue to provide the largest portfolio gains As noted previously, we incorporate short sales constraints while calculating the H-J bounds. A natural question that arises is: "What is the impact of removing the short sales restrictions on the measured portfolio gains offered by the various asset classes?" To address this issue we compute the H-J bound shifts without imposing the short sales constraint. We find that while the removal of the short sales constraint does lead to improved gains in each case, the improvements in the reward-risk benefits are moderate ranging from 0.33% in the case of international stocks to 6.47% in the case of commodities and precious metals.
As mentioned earlier, the use of conditioning information when calculating the H-J bounds corresponds to the use of dynamic trading strategies by an investor. To isolate the pure asset class effects we also compute the shifts in the H-J bounds when conditioning information is not utilized. We find that in each case the shifts in the H-J bounds representing the approximate increase in the unconditional 8 Detailed results for the various robustness tests are omitted to conserve space but are available upon request.
Sharpe ratios are considerably smaller when conditioning information is ignored. The average approximate increases in Sharpe ratios in the case of corporate bonds, small cap stocks, commodities and precious metals, international stocks, and equity REITs are 0.0649, 0.0379, 0.0882, 0.0416, and 0.0278, respectively. Hence, the absence of conditioning information leads to a reduction in the benefits offered by the test assets ranging from 34% in the case of corporate bonds to 86% in the case of equity REITs.
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To summarize, the results from the mean-variance spanning tests suggest that there are significant gains in portfolio performance from exposure to various asset classes including corporate bonds, small cap stocks, commodities and precious metals, international stocks and real estate. The results hold despite the imposition of short sales constraints. Moreover, the shifts in the volatility bounds imply considerable variation in portfolio gains over time from each of the asset classes. The crucial question is the degree to which the variability in portfolio gains coincides with deterioration in aggregate consumption growth. We address this issue in the next section.
The Timeliness of Improvements in Portfolio Performance from the Asset Classes
We have shown in subsection 4.1 that portfolio diversification into disparate assets leads to significant gains, on average, for investors. Moreover, the gains in portfolio performance are time varying and persist even in the presence of market frictions such as short-sales constraints. A related and important issue for both individual and institutional investors is the ability of different asset classes to enhance portfolio performance when most needed. This issue has been of great interest in recent years in the international investments arena, due to evidence of increasing cross-country correlations conditional upon bear markets or negative shocks. In this subsection, we investigate the extent to which the various asset classes differ in their ability to smooth adverse shocks faced by investors.
We estimate an empirical model in which the changes in volatility bounds of a stochastic discount factor induced by the addition of a test asset to the benchmark portfolio (the improvements in portfolio performance) are regressed on the mean and the standard deviation of the consumption growth rate.
Specifically, we evaluate the ability of the assets to improve portfolio performance when needed the most by estimating the following regression model
where DB i,t is the measured portfolio gain (i.e., improvement in the reward-to-risk tradeoff) from asset class i measured over a 60-month interval (t-59 to t), and t μ and t σˆ represent the estimated mean and the standard deviation of the monthly consumption growth rate over that 60-month interval. The above framework is intended to examine how the improvements in portfolio performance from different classes are related to the state of the economy. Our use of the moments of consumption growth to proxy the state of the economy follows a rich tradition in the literature. For example, Kandel and Stambuagh (1990) analyze a model in which conditional moments of asset returns are linked to the mean and standard deviation of consumption growth rate. They also show that the variation in the two moments of consumption growth is related to the business cycle. Consumption-based asset pricing models generally have the feature that changes in the moments of returns will be related to changes in the moments of consumption. Thus, our strategy of regressing the improvements in portfolio performance on the moments of consumption growth rate, in effect empirically mimics an investor who optimizes over both consumption and portfolio choice.
Based on our discussions so far, we expect the estimated gains in portfolio performance from assets that completely insure against adverse shocks to investment opportunities faced by risk-averse investors, to vary inversely with the consumption growth rate and positively with the volatility of consumption growth rate. Not all assets may, however, conform to this expectation. Some assets, for example, may provide no insurance against adverse shocks but provide risk premium, while other assets may provide a partial insurance when consumption growth is low but may not protect the portfolio against volatility shocks. Table 4 reports, for each asset class, results from estimating Equation (7). The table reports regression estimates and the associated t-statistics. In order to account for the potential bias in the estimated coefficients due to the persistence in the variables induced by the use of overlapping data, we implement the bias-correction procedure suggested by Stambaugh (1999) . 10 Furthermore, in view of the fact that the regressor variables are themselves estimated with sampling error, we adjust the standard errors of the estimated coefficients (based on the Newey-West covariance estimator with a lag length of 59) using the method suggested by Pagan (1984) and Murphy and Topel (1985) . Panel A in Table 4 shows that in the case of corporate bonds, the coefficient on the mean consumption growth rate is significantly positive while the coefficient on the standard deviation of the consumption growth rate is significantly negative. The results are robust regardless of model specification (univariate or bivariate).
We conclude that corporate bonds fail to provide gains in portfolio performance when expected consumption growth is low or when it is volatile.
Panel B in Table 4 shows that for small cap stocks the coefficient for the expected consumption growth rate is negative and insignificant in the univariate regression, but it is positive in the bivariate regression. The coefficient for the standard deviation of consumption growth rate is positive, although it is insignificant in the bivariate regression. These results suggest that small cap stocks, like corporate bonds, fail to deliver gains in portfolio performance when consumption growth opportunities are poor, i.e., when investors need such benefits the most.
Panel C presents the results for commodities and precious metals. As can be seen, the coefficient on consumption growth is significantly negative. Similarly, the coefficient on the standard deviation of consumption growth is significantly positive. These results are consistent across the univariate and the bivariate specifications. Collectively, these results suggest that commodities and precious metals provide significant gains in portfolio performance precisely during those times when investors care for such gains (i.e. in period of low consumption growth). In contrast, results for international equities, presented in Panel D of Table 4 , indicate that the performance gains of this asset class are significantly more pronounced during good times i.e., in periods of high consumption growth. However, the performance gains from international equities do appear to increase during periods of high volatility in consumption growth which is a desirable trait. Thus, results for international equities are mixed, at best. Table 4 reports the results for equity REITs. The relation between the improvement in portfolio performance induced by equity REITs and consumption growth, is insignificant. On the other hand, the sign of the coefficients on the standard deviation of consumption growth is consistent with what one would expect from an asset class whose gains in portfolio performance are likely to protect the portfolio against consumption volatility. The reliably positive estimated coefficient for the standard deviation of the consumption growth suggests that the inclusion of real estate in a well-diversified portfolio helps to hedge against volatility of consumption growth. It is also worth emphasizing that the gains in portfolio performance induced by real estate are measured against the most stringent benchmark portfolio, one that includes all other assets considered by us. In this sense, the gains are quite significant from an economic standpoint.
Panel E in
We also examined the sensitivity of our results to the use of aggregate consumption growth data to proxy the state of the economy. Monthly consumption data are prone to measurement error and are subject to seasonal adjustments that may render the series ill-suited as a proxy for the actual consumption experience of the typical consumer. We repeated our tests by using the growth rate of the index of industrial production as an alternative proxy for the state of the economy. Although not reported, we find that our results are qualitatively unchanged. Specifically, the portfolio gains due to commodities and precious metals are significantly negatively related to the average growth rate in industrial production, and significantly positively related to its standard deviation. Similarly, equity REITs provide benefits that are significantly positively related to the volatility of industrial production. None of the other asset classes appear to be desirable in terms of the timeliness of their portfolio properties.
The results for the different asset classes in Table 4 also reveal considerable variation in the magnitude of the estimated slope coefficients as well as the regression R-square statistics. These differences appear to reflect differences in both the average volatility bound shifts or portfolio improvements across the asset classes as well differences in the timeliness of the improvements vis-à-vis consumption growth and volatility. In summary, the results of this section suggest that the various asset classes differ dramatically in terms of their contributions to portfolio performance improvement.
Portfolio Allocations under Alternative Regimes
Given our findings in the previous section, a natural question that arises is: "What are the portfolio allocation implications of the differences in the timeliness of improvement in portfolio performance among the different asset classes?" In other words, how should an investor optimally choose to vary her portfolio allocation based upon the state of the economy in which she finds herself?
To provide insight into the above issue we adopt the regime switching framework of Hamilton Hamilton (1990) and illustrated in Engel and Hamilton (1990) .
Note that under the above framework, the expected return and covariance of asset returns in the next period are a function of the current state. For example, if at time t the investor infers that the economy is in state 1, (i.e., s t = 1) then her expected asset returns for the next period can be expressed , an investor's optimal asset allocation choices will be state-dependent.
In our context an interesting question to ask is: do the data suggest that the optimal investor asset allocations should be sensitive to the state of the economy and if so, what are the optimal allocations to the different asset classes in say, the good and the bad states of the economy? In order to answer this question we calculate the mean-variance optimal tangency portfolio weights conditional on each state, based on our estimates of the regime switching model. We employ the mean-variance optimal allocations as a metric to illustrate the improvement in portfolio performance potential of the various asset classes in the different states of the economy. Table 5 Table 4 , it is clear that the average consumption growth rate as well as the average asset returns are generally lower in State 2, with two notable exceptions. Both equity REITs and precious metals exhibit countercyclical behavior and have a higher average return in State 2. Furthermore, based on the estimates of the covariance matrices in the two states reported in Panels B and C, it is evident that with the exception of bonds and international stocks, asset returns are more volatile in the second state. Thus state 1, characterized by generally higher and less volatile asset returns, may be viewed as the "good" state while state 2 may be viewed as the "bad" state. Table 5 reports the estimated state transition probabilities. As may be seen, both states appear to be persistent as the probabilities p and q are both estimated to be above 0.50. The persistence of each state has implications for the composition of the conditionally optimal investor asset allocations in the two states. For instance, suppose that the investor knows that the economy is currently in the bad state, i.e., state 2. Since there is a 61% probability that the economy will continue to be in the bad state next period as well, the investor is likely to target assets that have higher expected payoffs in the bad state of the economy. The converse is true if the investor infers the current state to be the good state. In the latter case, there is a 79% probability of the economy continuing to be in the good state the next period as well, which would argue for the investor's allocations to be tilted towards those assets that have high payoffs in the good state of the economy. Table 5 reports the optimal tangency portfolio weights conditional on the current state being the good state (i.e., state 1) or the bad state (i.e., state 2). Figures 1a and 1b depict the meanstandard deviation frontiers for different portfolios of assets conditional on the good state and the bad state. The results clearly support an asset allocation policy that is state or regime-dependent. The optimal tangency portfolio in the good state includes small cap stocks (15.51%), medium and large cap stocks 12 Similarly, the conditional variances are given by:
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(40.16%), corporate bonds (19.04%), international stocks (21.35%), and equity REITs (3.95%). Hence, in the good state of the economy, an investor should allocate the bulk of her portfolio to domestic stocks.
Interestingly, in the bad state of the economy the optimal tangency portfolio is invested exclusively in government bonds (41.89%), precious metals (20.33%), and equity REITs (37.78%). The dominant position of precious metals and equity REITs in the tangency portfolio corresponding to the bad state, is evidence of a portfolio hedging role played by these tangible or hard assets during economic downturns.
Similarly, diversification into government bonds appears to be valuable in economic downturns.
In order to further isolate the pure diversification properties of the asset classes, we examine the composition of the global minimum variance portfolio conditional on the good and the bad states. As noted previously, this calculation is not influenced by the impact of expected returns. The results appear in Panel F of Table 5 . Interestingly, commodities and precious metals, equity REITs, and corporate bonds are the only asset classes that have a non-zero portfolio allocation in both states. These results serve to further underscore the portfolio diversification properties of assets such as commodities and precious metals, and equity REITs.
The optimal tangency portfolio allocations presented in Table 5 are based on the full sample of data over the period 1972-2001 and thus could not have been implemented by an investor making decisions in real time. Also, the feasibility of a real-time regime-dependent portfolio strategy will be sensitive to the transaction costs that in turn, depend on the volatility of the implied portfolio weights through time. To gauge the feasibility of such a real-time strategy, we estimated the regime switching model at the end of each year from 1988 to 2001, and calculated the corresponding optimal portfolio allocations. In each case the estimation was based on data available only up to that year. We find that over this period, the standard deviation of the asset class weights for the good economic state ranges from 6.68% in the case of small cap stocks to 18.80% in the case of medium and large cap stocks. Similarly, for the bad economic state, the standard deviation of the asset class weights ranges from 10.71% in the case of equity REITs to 17% in the case of government bonds. While these portfolio changes do not appear to be extreme, our results should not be taken as evidence in favor of the superiority of a regime dependent allocation strategy relative to say, a passive buy-and-hold strategy. A detailed comparison involving transaction costs, position limits, and potentially parameter uncertainty, is beyond the scope of this paper.
Interpretation of Results
In this section an attempt is made to interpret our results with the goal of adding to the emerging literature that seeks to provide advice to investors about their portfolio strategies. 13 Our results suggest two broad groups of assets for the purpose of advice on portfolio strategies. Consider first a U.S. investor looking to add corporate bonds, small cap stocks, or international stocks to a portfolio that is fully invested in large cap stocks, medium cap stocks and Treasury bonds. The results of Table 4 suggest that both corporate bonds and international stocks, improve portfolio performance during good times (i.e.
when consumption growth opportunities are high). Furthermore, neither corporate bonds nor small cap stocks protect the portfolio against consumption volatility shocks.
Next, consider an investor whose demand for risky assets is motivated by the risk premium, but who at the same time wishes to insure against volatility in consumption growth opportunities. Our results imply that if the investor already holds a portfolio that is diversified into stocks of various sizes, and corporate bonds, it would be appropriate for such an investor to add assets such as commodities and precious metals, as well as real estate, to her portfolio. Over the study period, 1972-2001, the evidence in Table 4 supports the claim that these asset classes are a potent hedge for diversified portfolios. First, we interpret the negative coefficient on the consumption growth rate in the case of commodities and precious metals as evidence of this asset class' ability to counterbalance deterioration in consumption opportunities. Second, these hard (tangible) assets are also powerful vehicles for hedging a diversified portfolio against the volatility of consumption growth, as evidenced by the reliably positive coefficient on the standard deviation of consumption growth rate. This conclusion is further strengthened by our results that suggest that the optimal mean-variance tangency portfolio is heavily weighted in equity REITs and precious metals in the bad economic state, while also including government bonds.
Our interpretation of the results leads to two main conclusions. First, highly risk averse investors who seek a stable consumption profile will want to bear a positive amount of "hard assets" risks even if the expected returns from these asset classes are lower than the returns of the other competing asset classes. Indeed, to the extent possible, equilibrium reasoning suggests that investors who dislike poor performance in their investment portfolios when consumption opportunities deteriorate, should overweight assets such as real estate, commodities and precious metals, and government bonds. This conclusion extends and complements the findings of Campbell and Viceira (1999) who recommend that a highly risk averse investor should hold government bonds, an asset class that performs well in unfavorable states of the world when consumption opportunities are poor. Here, we identify additional asset classes including real estate, and commodities and precious metals, that act as a hedge against shocks to portfolios.
The finding that real estate provides a hedge against deterioration in consumption opportunities in a portfolio context, may also illuminate the rationale (rather than the flaw) behind the popular investment advice that investors should tilt their portfolios more towards real estate, despite data that show the typical household already holds large positions in residential real estate. Our findings are, of course, subject to the usual caveat that they may be period specific and thus may not be replicated in the future.
Conclusion
Assessing portfolio performance as part of overall investment strategy, particularly during market downturns and increased market volatility, has been the subject of much recent debate. Most studies that examine improvements in portfolio performance from the inclusion of disparate assets in a portfolio often sidestep market frictions such as short sales constraints, and do not ask how the improvements vary with the business cycle. This paper has empirically analyzed how different asset classes contribute to portfolio performance improvements, and in particular, the timeliness of the improvements.
The results of the analysis confirm the value of portfolio diversification while providing interesting insights into the variation of gains in portfolio performance over the business cycle. A major finding of the paper is that commodities and precious metals, and real estate appear to be powerful vehicles for hedging against adverse shocks to consumption growth opportunities. Not only do these asset classes offer significant gains in portfolio performance, the gains vary directly with the standard deviation of consumption growth rate. In addition, in the case of commodities and precious metals, the performance gains vary inversely with the average consumption growth rate during a period.
We also employ Hamilton's (1989) regime switching framework to explicitly examine the asset allocation implications of the differences in the portfolio performance properties of the various asset
classes. This analysis suggests that the optimal mean-variance tangency portfolio is heavily weighted in equity REITs, and precious metals in the bad state of the economy, while also including government bonds. These results underscore our earlier findings in regards to the differences in the timeliness of improvements in portfolio performance offered by different asset classes.
Our analysis also makes a methodological contribution to the literature. With few exceptions, the vast majority of asset allocation/diversification studies have not explicitly examined how the portfolio gains from diversifying into different asset classes vary over business cycle. In particular, most previous studies have not explicitly addressed the question of whether or not portfolio performance gains are most pronounced when investors really care for them. Our results suggest that this is an important metric by which to judge the usefulness of an asset class in portfolio allocation decisions. Finally, our findings support the view that the cross-sectional differences in returns across asset classes such as bonds, commodities and precious metals, international equities and real estate, may appropriately reflect the differences in their respective diversification and hedging properties. The assets include the CRSP portfolios representing small, medium, and large cap portfolios of all NYSE/AMEX/NASDAQ stocks (SMLRET, MEDRET, and LRGRET), the CRSP valueweighted index (VWRETD), Equity REITs (EREITs), the U.S. one-month T-bill return (USTRET), a portfolio of Treasury bonds (GBTRET), a portfolio of Corporate bonds (CBTRET), the CRB commodity spot index (CRB), the CRB precious-metals sub-index (CRBPM), and the MSCI index of stocks from Europe, Australasia and the Far East (EAFE). The conditioning variables include the annualized dividend yield on the value weighted index of NYSE/AMEX/NASDAQ stocks (DivYld), the detrended yield on the one month T-bill (TBYld), the default spread (Defsprd), i.e., the difference in the yield on Moody's BAA rated corporate bonds and Aaa rated corporate bonds, and the term spread (Termsprd), i.e., the difference in the yield on 10 year Treasury bonds and the yield on a 3 month T-bill. Also shown are the descriptive statistics for the monthly growth in the log real per capita consumption of non-durables goods and services (NDSGR) during the period 1972-2001. Table 4 Regressions of changes in conditional H-J bounds on the contemporaneous consumption growth and volatility
This table shows parameter estimates and corresponding t-statistics based on the Newey-West standard errors (in parenthesis) that are adjusted as described below, for three sets of regressions using data for the period 1972 to 2001. The coefficients are adjusted using the bias correction suggested by Stambuagh (1999) to account for the overlapinduced persistence in the variables. In calculating the t-statistics for the slope coefficients, the standard errors are corrected using the method suggested by Pagan (1984) and Murphy and Topel (1985) , to account for the potential generated regressor problem. 
